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Description 
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E22 T nt '° n !* concerned wlth the determination of the three-dimensional structure of biological macromol- 
^ especially proteins. In particular, it is concerned with novel compositions and methods fo t d T^on 
by NMRspectroscopy.ofthethree-dimensional structure of proteins expressed in cultures of mam^ 
Background of the Invention 

SZOJZ many T ea ?• ther6 h3S b6en intense interest in the determination of the three-dimensional structure of 
biological macromolecules, particularly proteins. So-called "structure-function" studies have been earned out wtTh a 
view to determining which structural features of a molecule, or Cass of mo.ecu.es, are important for E5^a2L 
S nee the Pioneering work of Nobe. laureates, Peru* and coworkers on the structure of hemoglobin £K M F et 

^f|, 121, 737 (1 953)), this field has been of major importance in the biological sciences 

2 C 2° h T 06 ?^ there , haS eVOlVed the C ° nCept 0f ° rational dm 9 desi 9"-" ™> strategy for the design of drugs 
involves the determinate of the three-dimensional structure of an "active part" of a particular bi6toSSmoS 

actt^^ 

ZZml . , 0Win9 thS three - dimension al structure of the active site can enable scientists to design rnolSes 

925 q^tTJ ? e " hanCe natUra ' bi0l ° 9iCal aCtiVity ° f the m0,ecu,e - < Ap P eft - •<•■ et i JSSf 34 
S^tJr ^-nsiona, structure of biological molecu.es is therlfoTe^'Jai 

Jf^ 041 * f ^"f 011 "^" 6 developed to determine three-dimensional structures was X-ray crystalloaraphy The struc- 

1 ni? , of r ' " m ? k NA WSre b0th d6termined USing m **«*««•■ ^stenography ill ^bombarlg 
ac ^ tal °fth^^ 

XTs ^dSr/^ 8 ar r ptured on a photographic p,ate ' fe th - ^s^s^s 

techniques. The diffracted X-rays are thus visualized as a series of spots on the plate and from this n«ttpm fh„ 

materia? ** ^ ™ » "WmL^TjS'.S^SiSE the 

material with a heavy , on, such as ruthenium, in order to remove ambiguity due to phase differences 

[0005] More recently, another technique, nuclear magnetic resonance ("NMR") spectroscopy has been develooed 

to determine the three-dimensional structures of biological molecules, and particularly proteins NMR spertroscoDv 

was ongmaiy developed in the 1 950's and has evoked into a powerful procedure for ana£ Z the SmS s3 

(usuaHy ,n a suitable solvent) in a powerful magnetic field and irradiating it with a strong radio tigJ^ZXSZ 
venous atoms wfl align themselves wtth the magnetic field until energized by the radio signal. They tten this 

fde3i;r rad , ,a K ( r°; ate) ii at a frequency dependem ° n j) the * ™«™ ■* 5 *. mS^Z 

*SE£ Tl y T*"? ° f nUCl6US - M0re0V6r> r6SOnanCeS Can be transmitted from one nuohui to anoTher 
ntr^nurS 

SZZL n H r eVer ' "J" imP ° rta [ U 10 reC09ni2e ** n0t a " nuclei are NMR active - lndeed . not all isotopes of the same 
tZ rl* \ F °? Xamp,e - whereas " ordina 'y Wogen, 1 H, is NMR active, heavy hydrogen 'deuterium)^) 

« £ IP rogens wtth K 11 is for ■* reason that NMR spectra of -ter-so.uL iJSEZZSZ 

"s mined in solution in 2h z O, so as to avoid the water signal. 

fn? a < !!l* C0^Ve,S ! ly, "° rdina,y " Cart> ° n ' 12 ° ' S NMR inaCtiVe Whereas the stable is ° to P* 13 C. present to about 1 % of 
total carbon in nature, is active. Similarly, "ordinary" nitrogen, "N. is NMR inactive whereas the stable fsotope «N 

nTalabund ' ^ 1% 0, i° tal ni,r ° 9en in na,Ure ' fe aCUVe - F ° r Sma " m0leCules ' ft was found ** theseTow level 
natural abundances were sufficient to generate the required experimental information, provided that the experiment 
was conducted with sufficient quantities of materials and for sufficient time experiment 
[0008] As advances in hardware and software were made, the size of molecules that could be analyzed by these 
techniques increased to about 10,000 daltons, the size of a small protein. The application of NMR speclmscoov to 
bTSsedT^ V TT °rr ef0re b6gan «** a ,6W *~» ag °" » was -alized ^^SZSS 

IZZ Z andTA I TST Stab ' e iS0t0P6S a " d ,3 ° int ° *° Pr0,eins in P ,ace of ™* active 
nSKfin ^ luth ri Tt , ,° f aCh ' eV,ng thiS substi1u,ion was t0 9^ microorganisms capable of producing the 
proteins in growth media labeled with these isotopes. 8 

[0009] Over the past two or three years, ^-labeling and ^-labeling of proteins, have raised the analytical size 
l.mrt to approx.matefy 15kd and 25kd respectively. This isotopic substitution has been accomp.ished byXwing a 
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bacterium or yeast, transformed by genetic engineering to produce the protein of choice, in a growth medium 
containing 13 C and/or 15 N labeled substrates. In practice, these media usually consist of 13 C labeled glucose and/ 
or 15 N labeled ammonium salts. (Kay, L. et al., Science, 249, 411 (1 990) and references therein.) Recently, bacterial 
and yeast nutrient media containing labeled protein hydrolyzates have been described. See International Patent Ap- 

5 plication, publication no. WO 90/15525, published December 27, 1990. 

[0010] While 13 C and 15 N labeling has enabled NMR structural determinations for proteins substantially largerthan 
those previously amenable to such techniques, proteins larger than about 25 kd present ambiguous results. At this 
size, many of the resonances from the individual atoms become too broad to resolve. In a recent publication, it has 
been reported that triple-labeling, i.e., the partial incorporation of deuterium, 2 H, as well as 13 C and 15 N isotopes, nar- 

10 rowed significantly the otherwise broadened lines in a larger molecule. Bax, J. Am. Chem. Soc , 115:4369 (1993). 
Triple-labeled media are therefore preferred for the preparation of labeled forms of proteins large than about 25 kd for 
NMR structural determinations. For bacterial proteins, partial 2 H-labeling can be achieved by culturing the bacteria in 
the presence of a mixture of H 2 0 and 2 H 2 0. This approach is unsatisfactory, however, for the production of suitably 
labeled mammalian proteins. 

[0011] Heretofore, compositions and methods for NMR structural determinations have suffered from a significant 
limitation. Most proteins of interest in structure-function studies are mammalian in origin. Moreover, virtually all proteins 
of interest in rational human drug design are mammalian, i.e., human, in origin. Yet neither X-ray crystallography nor 
NMR spectroscopy have had widespread use in examining proteins produced from mammalian cells. X-ray crystallog- 
raphy, by definition, requires crystalline material, yet mammalian cell proteins are notoriously difficult to crystallize. To 

20 date, only a few antibodies and mammalian cell-derived receptors have been crystallized in a form suitable for crys- 
tallography. Those that have been crystallized have usually been selected fragments of a molecule. Information derived 
from molecular fragments is viewed with caution, as it is never known whether the structure of the part of the main 
molecule on its own is the same as that of that part of the molecule in the whole molecule. Moreover, X-ray crystallog- 
raphy is inapplicable in those frequent instances in which crystalline material cannot be obtained. 

25 [0012] NMR structural studies have hitherto been limited by the necessity of expressing the labeled proteins in bac- 
teria or yeast. However, most mammalian proteins contain significant post-translational modifications that cannot be 
effected in bacterial and yeast systems. That is to say, they are appropriately folded and cross-linked with disulfide 
bridges, may have attached side chains of oligosaccharides and may be proteolytically cleaved to active forms. Bac- 
terial or yeast-produced proteins frequently do not possess the biological activity of mammalian cell-produced proteins. 

so Indeed, in some cases, mammalian proteins cannot be produced in bacteria at ail. For these reasons, the biotechnology 
industry moved from bacterial expression systems to mammalian ones in the mid 1 980's to produce recombinant 
therapeutic proteins, such as tissue plasminogen activator, Factor VIII:C, erythropoietin and the like. Parts of some 
mammalian cell proteins have been studied by NMR by cloning the gene for a fragment of the molecule of interest into 
a bacterium, and expressing the fragment in isotopically labeled form by growth of the bacterium in an isotopically 

35 labeled medium. Again, only those parts of a molecule of choice that can be expressed in bacteria have been suscep- 
tible to study in these systems (e.g. see Driscoll, P.C., et al., Nature , 353, Oct. 24, 1991 ). Because of the lack of post- 
translational modifications inherent in bacterial expression, the molecular parts examined have been produced in the 
absence of such post-translational modifications such as glycosylation etc., again leading to doubt as to the value of 
the structures obtained. As with X-ray crystallography, there have also been subsequent doubts as to the value of 

*o structural Information obtained from protein fragments. 

[0013] Host-vector systems utilizing both mammalian cells and insect cells have been developed. Mammalian cell 
lines, such as Chinese hamster ovary (CHO) cells, COS cells and insect-cell lines, such as the Spodoptera frugiperda 
cell lines SF9 and SF21 (Luckow, V.A. and Summers, M.D., Biotechnology , 6 47-55 (1988)), have been found to produce 
recombinant mammalian proteins with post-translational modifications similar to those of the natural protein. 

45 [0014] NMR studies on mammalian and insect cell-produced proteins have been of limited value, as no means of 
universally incorporating stable isotopes such as 13 C or both 13 C and 15 N in an analogous manner to that for bacteria 
have been available. Whereas bacteria can grow on a simple mixture of glucose and salts, mammalian and insect ceils 
require, in addition to glucose, all of the amino acids essential for growth. For instance, for the successful production 
of a universally 13 C and/or 15 N labeled protein from mammalian cells all of these amino acids would have to be present 

so and all would have to be universally labeled with 13 C and/or 15 N. 

[0015] One theoretical way of producing an isotopically labeled medium would be to use a simple hydrolysate of an 
isotopically labeled protein. Unfortunately, hydrolysis of proteins to the constituent amino acids also leads to the con- 
comitant formation of side products that are toxic to mammalian cells. Use of unpurified hydrolysates has been found 
to lead to rapid death of the cells. Moreover, conventional hydrolysis procedures destroy certain essential amino acids, 

55 and available means for preventing such destruction often result in toxic effects. On the other hand, techniques for the 
isolation and purification of individual amino acids are known. For example, LeMaster and coworkers published (Anal. 
Biochem. , 122, 238 (1 982)) a paper describing the purification of 2 H and 1S N amino acids. No fewer than five column 
chromatographic steps were required, and even then these workers were unable to isolate fully labeled cysteine and 
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glutamine, while yields of tryptophan were "erratic." All three of these amino acids are essential for the growth of most 
mammalian and insect cell lines used as host cells for production of recombinant proteins. Moreover, the procedure 
utilized piperidine as a prime eluant of the amino acids from the preparative chromatography columns. Piperidine has 
been reported to be a highly toxic, controlled substance. 
5 f°° 1 ? ,w Th ! P rocedures for the P^flcation of the individual amino acids are thus complicated, time-consuming and 
low-yield and hence are uneconomical. Consequently, while some «c and/or «N amino acids are commercially avail- 
able, albeit only in small quantities and only on occasion, most are not. 

[0017] Recently, Feslk and coworkers have described a method for the production of isotopically labeled proteins 

io SSSZlr". 0 ! ! ? IT StrUCtUral S,UdieS ' (Bl0Chemistf V' 2! "051, 12713, (1992)) These workers hydrolyzed 
both isotopically labeled algal and bacterial proteins with methanesulfonic acid In the presence of tryptamine and im- 

SSt^^^^J? ' atter rea9entS W3S 10 Se ™ 38 " SUi ° ide bases " 10 reduce the destruction of the amino 
acids tryptophan and h.shd.ne respectively. The hydrolysate was then purified by the procedure described by LeMaster 
and coworkers; namely, by loading the hydrolysate onto a cation exchange column in the H + form and editing the 
am no acids, as a group, from the column with piperidine. The amino acid-containing fractions were combined evap- 
orated to dryness redissolved in water, the pH adjusted to 11 .5 with sodium hydroxide, and the resulting solution 
evaporated until the pH remained constant, "indicating that no more ammonia or piperidine was being removed " The 
ammo acids were then filtered through a 500 molecular weight cutoff membrane to remove further impurities and 
lyophilized. The authors do not indicate whether the resulting amino acids were used directly (i.e. at high pH) or whether 
thepH of the solution was neutralized, and if so, with which acid. The Fesik et al. work, while representing a technological 
advance, nevertheless fails to provide a means for universally labeling mammalian cell expressed proteins useful for 
unambiguous NMR structural determinations. Firstly, the hydrolysis conditions employed destroy asparaqine 
glutamine and cysteine residues and leave just a "trace" of tryptophan (page 12715, Table 1). Secondly, the procedure 
employs p.pend.ne as the eluant which is, as noted above, a toxic and controlled substance. Thirdly, LeMaster reports 
in his original paper that one of the "suicide bases," imidazole co-elutes with the amino acid leucine. LeMaster was 
able to remove the imidazole by crystallization of leucine. Fesik et al. do not describe such a crystallization step and 
indeed, such a step would be impossible in the Fesik et al. procedure where the individual amino acids are not resolved 
[0018] Fesik et al. describe the removal of the piperidine eluant by raising the pH of the solution to 11 5 and heat 
evaporat.ng the solution until the pH remained constant. At this pH, and particularly at the elevated temperatures 
necessary to remove piperidine (boiling point 106'C), there is a risk of racemlzation and/or nucleophilic attack of the 
amino acids by the piperidine/sodium hydroxide mixture. Such reactions will reduce the amounts of viable amino acids 
in the mixture, reducing Its efficiency as a growth medium. Moreover, as the authors themselves acknowledge the 
heat evaporation step Is stopped when a stable solution pH Indicates "that no more ammonia orpiperidine was being 
removed. It is therefore possible that the mixture of amino acids obtained will contain trace amounts of piperidine a 
highly toxic material. KP ' 

[0019] Of more significance however, are the absence of the amino acids asparagine, glutamine and cysteine and 
he presence of just a "trace" of tryptophan (page 12715, Table 1). Although the lack of asparagine residues was found 
™ Un J mP ° rtant in th8 SySt6mS investi 9 a,ed b V Fesik et al., glutamine was found to be vital for cell growth (page 
12716 Fig 2). The authors provide a method of enzymatically synthesizing glutamine from glutamic acid as a supple- 
ment. However, for this reaction to be of value, a source of appropriately labeled glutamic acid has to be available As 
the authors note, "C, <s N labeled glutamic acid is commercially available. However, Triple-labeled glutamic acid for 
instance, is not. ' 

[0020] By contrast, Fesik provides no method for the preparation of labeled cysteine. Cysteine labeled with a stable 
sotope has been commercially available only in ^-labeled form. Neither double-labeled «C , "N-cysteine nor triple 
labeled *H, "C, "N-cysteine have heretofore been available. Consequently, the approach adopted by Fesik and cow- 
orkers w.ll not lead to universally labeled products in any case, except for simple «N- labeling, as the cysteine and 
tryptophan res.dues will not be appropriately labeled. It is possible, moreover, that isotopic leakage of undesired isotope 
will occurfrom the incorrectly labeled cysteine residues into other amino acid residues by cellular metabolism 
[0021] In principle, the simplest way to produce labeled, including triple-labeled, cysteine, is to culture an organism 
wh.ch is nch in cysteine in the appropriately labeled medium, and to isolate the cysteine from the proteins of that 
organism. Such organisms will be familiar to those skilled in the art, and include purple sulphur bacteria such as Rho- 
dopseudomonassperoides and capsulata, other cysteine rich organisms such as Leptothrix discophora and Schizo^ 
phyllum commune, and bacteria engineered to produce cysteine rich proteins such as ATCC 31448 an E colTe^T 
neered to express human insulin A Chain. ' - — a 

[0022] The cysteine would then be isolated from the protein by hydrolysis. However, the only known ways to hydrolyze 
proteins without concomitant destruction of cysteine are i) hydrolysis under alkaline conditions (See Okuda Pr Acad 
To^ro, 2, 277) and ii) by enzymatic hydrolysis. Unfortunately, both of these procedures are unsuitable for the production 
of labeled, and in particular triple-labeled cysteine. Hydrolysis under alkaline conditions can lead to racemization of 
the required L-cysteine, and also to destruction of several other valuable isotopically labeled amino acids Enzymatic 
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hydrolysis carries the risk of isotopic contamination from enzyme breakdown products, especially if prolonged hydrol- 
ysis times are required, as is usually the case. 

[0023] As with cysteine, the "trace" amounts of tryptophan present in the mixture employed by Fesik et af. were 
insufficient for cell growth without supplementation (page 12715, Table 1; page 12716, Figs 1 and 2). Although «n- 
labeled tryptophan is commercially available, neither 13c, 1 5 N nor triple-labeled tryptophan is available. Thus fortryp- 
tophan to be introduced as a supplement for any labeling experiment other than for simple 15 N-labeling will lead to the 
same problems associated with the absence of a suitable labeled cysteine residue, namely incomplete isotopic labeling. 
[0024] Thus, the method provided by Fesik and coworkers will lead to the universal isotopic labeling of proteins only 
in the case of ^-labeled proteins. Although the method is an advance, ^N-labeled amino acids are already available 
as previously indicated. In the case of "C, ^-labeling experiments, cysteine and tryptophan residues will not be 
universally labeled, while in the case of 2 H-labeling experiments and triple labeling experiments, cysteine tryptophan 
and glutamine residues will be incorrectly labeled. 

[0025] A further disadvantage of the use of protein hydrolysis procedures for preparing culture media for mammaiian 
cells is that, under hydrolysis conditions, the amino acids, glutamine and asparagine, present in the starting protein 
may be converted to glutamic acid and aspartic acid, respectively. Most mammalian cell media contain small quantities 
of giutamic acid and substantial quantities of glutamine. These media have been developed to produce optimum per- 
formance of mammalian cell lines in terms of cell viability and production. Indeed, nearly all mammalian cell lines 
producing proteins of interest for NMR analysis will have been conditioned in media containing low levels of glutamic 
acid and high levels of glutamine. 

[0026] To be applicable for use with the widest possible range of cell lines, therefore, media for the isotopic labeling 
of mammalian cell proteins advantageously contain small proportions of glutamic acid and larger proportions of 
glutamine. Similarly, media preferably contain little or no aspartic acid and larger proportions of asparagine. 
[0027] There is therefore a need for methods to remove the glutamic acid and/or aspartic acid specifically from a 
mixture of amino acids without altering the proportions of the other amino acids present, convert the thus isolated 
glutamic acid and/or aspartic acid to the appropriately labeled glutamine and/or asparagine, and supplement the mixture 
of amino acids with the glutamine and/or asparagine thus obtained, 

[0028] No procedures for the specific removal of glutamic acid from mixtures of amino acids have been described 
in the art. Enzymatic techniques for the conversion of glutamic acid to glutamine have been published (Fesik et al 
Biochemistry, 31(51), 12713 (1992)). Unfortunately, the reactions are slow (3-4 days) and the accompanying'break- 
down of the enzyme, leading to contamination with natural abundance amino acids, cannot be ruled out. Moreover, in 
the case of triple labeled mixtures of amino acids, i.e. those partially labeled with 2 H as well as universally labeled 
with 13 C and 15 N, the presence of the 2 H atoms would be expected to slow the enzymic conversion of glutamic acid 
labeled with *H to glutamine still further, due to the isotope effect of *H. Finally, no enzymatic procedure for the con- 
version of aspartic acid to asparagine has been described in the art. 

[0029] There has also recently been published a paper by Hsu and Armitage ( Biochemistry , 31 (51 ) 1 2778 (1 992)) 
concerning the NMR determination of the structure of the immunosuppressant drug cyclosporin A bound to its receptor, 
cyclophilin. These workers labeled cyclophilin, expressed in bacteria, with the NMR inactive isotope 2 H. They were 
thus able to examine the structure of the cyclosporin A/cyclophilin complex unencumbered with the signals from the 
cyclophilin. Given the importance of mammalian ligand/receptor interactions, there is thus also a requirement for mam- 
maiian cell proteins, particularly receptors, to be universally labeled with *H. Heretofore, labeled mammalian nutrient 
media for accomplishing this goal have been unavailable. 

[0030] Accordingly, for both structure-function studies in general and for rational drug design in particular, there is a 
need for universally labeled compositions and methods for determining the three-dimensional structures of mammalian 
cell proteins, and protein complexes. There is consequently a need for producing mammalian cell proteins labeled with 
a range of stable isotopes in universally labeled form. 



Summary of the Invention 



[0031] In accordance with the present invention, a method for determining three-dimensional structural information 
of a protein involves the steps of (a) growing, under protein-producing conditions, a mammalian or insect cell culture 
which is capable of producing the protein of interest in a nutrient medium which contains all amino acids that are 
essential for growth of mammalian or insect cells and which contains assimilable sources of carbohydrate, essential 
minerals and growth factors, wherein each of said amino acids is substituted with an isotope selected from ™C or 13 C 
and 15 N, wherein said isotopic substitution, when present, is present at substantially ail positions of that atom in the 
amino acid and any other substrate used by the ceils for protein synthesis in said nutrient medium is substituted with 
an isotope selected from ™C or «c and 15 N, to produce an isotopically (substituted protein); (b) isolating the labelled 
protein from the nutrient medium in substantially labelled from and (c) subjecting the protein to NMR spectroscopic 
analysis to determining information about its three-dimensional structure. 
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drate source in such nuWent medium 1^130 ^ Carb0n 8t ° mS h the amino acids and the 'arbohy- 

NMR-active isotope and substantia" Slo^L m^. ! ™° lv f * ubstantial * Celling the protein with a stable 
and molecules and subjecting 222? NMR^S f0rming 3 C ° mpl6X between the 

dimensional structure of the protein spectroscopy analysis to determine information about theftree- 

source of carbohydrate, and JSSJ S^S?*^ r^*' f ° r 9r0Wth ° f the ° e " s ' an ^similable 
used by ?e ^ for protejn ^ ~ - SSX^JS^S "* ° ther SUbstrata 

of a sulfhydry. reducing agent to £L? t £J J^^^T?* k 0 ^' 0 " 8 ,he presence 
acids to cation exchange chromatography to produce a oartlaZ ™S2' '? ,n9 th6 ° rUde mix,Ure of amino 
partial* purified mixture of amino acid! to ^ne2an a ^JT ?T* °' amin ° aCidS = (e) SUb i ectin 9 th * 
acids; and (f) supplementing the purified Zr of atnin TJ^T™ V * "^f* 3 PUri " ed mixture of ami "° 
support protein production by the mammS or InseS T ^ 3m ° Unt ° f ,3c - |absled ^steine sufficient to 

mixture of «* ^-d^lLiSSi ^^2*^ B me,h ° d may a ' S ° be used ,0 P rodu « ■ 
labeled amino acids ' °' N ' tr,p,e ,abeled amino aci * orto produce a mixture of *H- 
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of producing complex proteins in a ZZStt£^£^££ "T?™ ^ W ^ 
provides a valuable technique for studyinq the structure fiTnr^I. ? I . ^ Imensi0nal Mature, this invention 

cedureirwolvesthegmwthofmanircelHin 
comptetely labeled wfth one o~Tmr^ 

wfth 13c or-N or both and ior ^ Z^T^ ^ "fT*™* ^ « 

labeling of proteins with *H alone so as to make them NMrLII V, 7» , Pr ° Vid6S for the universal 
obtaining structural information for molecule™ ^^^^^ T** * Useful for 

making one of the binding partners NMR invisible, thTs^njcture of the otter bindino ['°^ none " rece P tor complexes. By 
more NMR-active isotopes can be studied struciur e otthe otherb.nd.ng partner, when labeled with one or 

these cells are well-understood, and t^ZZZS^S^^ k? We "- known - The arawtn requirements of 
erals and growth factors are commercS v alTabf Z I ^ J*™™* °' cart > oh y drat C essentia, min- 
acid. When media of this type a ™esTed « Z T^L I 86 med ' a ' Urther Contain ,race «"«««» °f pyruvic 
'sotopice.V.abe.edfornioT^v^ 
able. Serum-free media are prele^ 

pure labeied protein for ££££ PuT^o7LT/ZZ *° " * faC '' ,itate of a 

culture medium can be accompXhed b an ^SlS^tSf t T ? ^ 3 8erUnVfree mamma,ian or insect ca « 

Purifications. Method, m ^ l^y ° f kn ° Wn techn '< ues - See - Da "tscher, M.P., Guide to Protein 

synthesis of carbohydrate side cLinsinTS 

Soui h t : ^ss^srKT^^r r° ac,ds - ,i is easy - p — - - 

required to produce sufficient protein tor NMR 2JI P ° rtam ' ^ ^ qUanUUeS of ,abe,ed med ' a ^ay be 

cZoun^Xtra^ !^2L"? ^ ^ °" *• faCt that — a ^- - a ^s of 
neutral comoound, ^Vi^^ZlJ:™^™" Cnarge - Jhe * can thus b ^ separated, as a group, both from 

and elution from, acidic aZ^cZ^^ZT' " * ' ~ ^ ' Char96 ' ty abSOfption on ■ 

[0041] As used herein, an indication that a protein is "substantially labeled- or that "substantia.* a.r of the atoms of 
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a particular element in a molecule are in a given isotopic form means that the molecule is sufficiently enriched with the 
desired Isotope that meaningful NMR spectral information can be obtained. In the case of NMR-active isotopes, such 
f ' degreS ° f enrichment wl » be such that three-dimensional structural information can be deduced 

rom the NMR spectra. In general, about 95% or more of the atoms of a given element will be in the desired isotopic 
form, preferably greater than about 98%. p 
[0042] In the case of enrichment with *H alone, the degree of enrichment will be such that the labeled molecule does 
not produce an NMR signal sufficient to interfere with an analysis of an NMR-active species complexed to it In this 
rn«!;, »f Ve ' °' enrichment is grater than about 70%, with greater than about 95% being particularly preferred 
[0043] Alternatively, the level of 2H enrichment is such that the signals from the NMR-active nuclei 1H ^Cas ^N 

° r b6tter reSOlV6d - 9enera ' thiS level of enrichme nt will range from about 20% to about 100% 
0044] The starting mixture of amino acids is a hydrolysate of a protein, labeled with the stable isotopes of choice 

.u 8 ^ r « nCe With the invention ' the starti "9 P^ein is substantially labeled with "0, with both 1 3c andis N ' 
w.th 3c, «N and at least partially with *H or with *H alone. Many techniques have been published to produce such 
prote.ns, including growth of bacteria in the presence of labeled carbohydrate and salts (Kay, et al supra) growth of 
bactena In algal lysates (Chubb, R.T., et al.. Biochemistry , 30, 771 8 (1 991)). growth of yeast in algal ly^es (Powers 
R ; , et a., Biochemistry , 31, 4334 (1 992)), growth of bacteria and yeast in labeled methanol (See, Moat, A.G and Foster 
JW M.crob.al Physiology , 2d Ed., John Wiley & Sons, New York (1 988), p. 218) and the phototropic culture of algae 

If/Tr 8 ,SOt0plCal, y labeled 13C °2 and/or 15N (Cox, J., et al., Stable Isotopes in Pediatric N utritional 
and MetaboUc Research, Chapman, T.E. et al., Eds., Intercept Ltd., Andover House, England (1 950), p. 1 65) Similarly 
many procedures for the hydrolysis of proteins have been published, including hydrolysis with hydrochloric acid, meth 
anesulfonfc acid (LeMaster, et al., supra) and enzyme hydrorysis. If an enzyme hydrolysis is used then it is convenient 
to acidify the hydrolysate. This has the advantage of denaturing and precipitating the enzyme, which can then be 
removed from the hydrolysate by centrifugation. 

[0045] In the present method, acid hydrolysis is preferred. The acid hydrolysis is advantageously conducted using 
a strong mmeral acid, such as hydrochloric acid, nitric acid or sulfuric acid or a sulfonic acid such as p-toluenesulfonic 
acid or methanesulfonic acid, the latter being preferred. The acid concentration may vary, depending upon the nature 
t l e k f ? m" T' 'J" 9en6ral iS SUffiCient t0 effect ""Vtee hydrolysis. Typically, acid concentrations range 

1 ™ 6 N ' P l eferably fr ° m 3b0Ut 2 N 10 about 4 N - The acid h y dro| y sis is ca ™<* out under non- 
ox.dizing conditions. These conditions can be achieved by conducting the reaction in vacuo or by purging with an inert 
gas such as nitrogen, argon or the like. 

S? 4 !? ft ? 6 ?? «" t0 te hydrolyzed ma V be added t0 the Mrolysis medium at a concentration of between about 
o.5g/l 0 ml and 5g/1 0 ml, preferably at a concentration of between about 1 g/1 0ml and 2 3g/1 0ml 
[0047] | The hydrolysis is conducted at a temperature and for a time sufficient to effect substantially complete hydrol- 
ysis, while minimizing racemization or the loss of labile amino acids. The temperature of the hydrolysis general ly ranges 
from about 90 to 140'C. but in order to minimize the racemization of amino acids is preferabry in the range 100 to 
115 C, with 100'C particularly preferred. The time of hydrolysis may be in the range of 24 to 72 hours, depending on 
the protein to be hydrolyzed. Preferably a hydrolysis time of about 48 h is used. 

[0048] The amino acids that are susceptible to degradation by oxidation are further protected by the presence of a 
reducing agent. Preferably, a strong sulfhydryl-containing reducing agent is employed, such as thioglycollic acid (Fas- 
man, G.D., Ed., Practical Han dbook of Biochemistry and Molecular Biology . CRC, New York (1989) p 106) The 
purpose of the reducing agent is not just to protect the vulnerable tryptophan and histidine residues. If thioglycollic acid 
is used, it can easily be subsequently removed according to the procedure of the invention 
[0049] The reducing agent is employed at a concentration in the hydrolysis mixture sufficient to prevent substantial 
destruction of tiyptophan and histidine. For thioglycollic acid, such concentration generally ranges from about 1 to 
about 7% vAr, preferably from about 3 to about 5% v/v. 

[0050] The hydrolysate is added to a column of a cation ion exchange resin. The cation exchange resin is preferably 
in an acid form. In principle, any acid form of resin may be used, but for convenience the resin is in the form of a simple 
acid such as H+, pyridinium, methylammonium etc. Cation exchange resins that may be used in this method include 
Dowex 50X8-400 available from Dow Chemical Co., Midland, Michigan. After addition of the hydrolysate to the resin' 
neutral and acidic contaminants are removed by washing the resin with an acidic solution. In principle, any acid can 
be used, and for convenience a simple mineral acid such as hydrochloric, sulfuric acid, etc. may be used The acidic 
solution has a pH below the pKa of the most acidic amino acid, but not so low as to cause substantial racemization 
in general, the pH ranges from about 1 to about 2, preferably about 2. The volume of the acidic solution is sufficient 
to remove substantially all of the material and acidic contaminants. Elution with about 2-6 bed volumes is usually 
sufficient. ' 

[0051] The acid solution is then removed from the resin by washing the resin column with water. To ensure removal 
of contaminants the volume of water used is preferably in the range of 2-6 bed volumes. 

[0052] Following removal of the acid wash with water, the amino acids and the basic materials adhering to the cation 
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* dium neutLzes the aci "oa^ TT* Me ^^ «c. The baste mt 

pounds. ThepH of the basic mMumt^ZxteZto^lT™ ?** ^ amin ° ac,ds and basic COf "" 
functions of the amino acids are n^aLTcha™2 Zo2 Z KI ^"1° "** neutraI whi,e the <*rboxylate 
To avoid racemization of the amino acTds unSr S 

13 and preferably is in the range of about Jo 1 1^S^S^SSr^: ■ llmpH « h « nte 0«»«»^l- 'ess than about 

10 e,ution ° f tne bound amin ° ^^™^2> Mms * e acidic cation exchan9e resin w « h 

L^^i^^J^ chjomatograph, The eiuate from the 
the resin can be employed, and P^er^T^^^Tl , ^ P,1nCiple ' 8ny basic form ° f 

resins include Dowex 1X8-100 available from i Dow Ch^«. r m,T ydr ° X ' de h USe<1 Suitable ani °" change 
« onto the basic ion exchange SZ^ZSS^!^ M '' Ch, ' 9an - ^ 9min ° aCids are absort ^ 

functions are now negative^ charged 9r ° UpS "° W Cany 00 P ositive c ^ ™r carboxyl 

SthTX^ 

exchange column. * * > ' Ut, ° nS deS ° ribed ,rom the e,ution <" «ie amino acids from the cation 

Sn«f IT 4 bed V0lumes - of water ^e used to wash SeJ2 ' 8 ^ V0 ' UmeS ' preferably 

* Either formic or acetic acid are therefo^ by SUbseaU6nt -P"—" * «— 

solution is in the range of about 2-6. preferably in me raJ^S?! th Tj ' S SUCh that the pH ° f the acidic 
the column as an off white solution. A further ^aS^TtS^ • k " * ^ SC ' ds are thus el ^dfrom 
amino acids. For instance, all the amTno Ss^c^a^ 

aqueous acetic acid. Aspartic acid ma ^men t eluted ZT f ™ V *" '"^ the C °' Umn with 0 25% ^ 
aspect of the invention Is there fore airnXuriSo^ he alZ" It "* - aqU6 ° US aCetic acid A further 
aspartic acid, which will be in labeled torn ^ma S22^21ETh ^ AS diSCUSSed be,ow - this 

supplement the mixture of labeled aminTaS asparagine, which can then be used to further 

acid may be used. Such'gLien^^ 

amino acids depending on the gradient used A ™T, * ' er as mixtures or as sin 9 le 

purification of amino acids. J£2£,Z 1 n^^J^S" f ^ 3 ^ P roced - 
'ao'atedmaybeusedtoaltertheaminoLd P rorofmL? P r^J f P •? mVent '° n ' S ** 1,16 amino acids thu * 

UsL,orC^ 

form because the acid eluant used U ^h V vo^!e * amm0 "°* Wi " be isolated in ^stantiaHy pure 

the contaminants. On elutionatapH in t^Z 

of its highfy basic guanidinium sid'e chl SS^ 

neutralize the negative charge of the camoxylate functfo7 UnTe Xh. T P 6 fan9e 1 °~ 12 and which wi " 
through the cation exchange resin after afiTe coZZ «S ™h I t™™ thefef ° re - ar 9 inine wi " P ass 
instance as the hydrochloride, by standard I taSZTS^^ iTI f * UbSeqUently isolated a " d ^rystaHized. for 
th,invention r 

starting hydro^sate, withLe or no adl^ the sa ™ as was in the' 

a means of simply preparing a mixture of D ureTmin°, TZTT aspect of the invention is therefore 

ample, cyste.ne is an .mportant ammo acd ,n mammalian cell media, yet is not present in high enough 
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SSSS 0 "* m ° St baCtenal ' ^ ^ a ' 9a ' Pr0teinS l ° SUPP ° rt mammalian P rotein biosynthesis in mammalian or 
[0062] Enzymatic procedures for the synthesis of cysteine are known. For example. U.S. patent 4 733 01 1 to Miva- 
TZTJsyt?^ a ^° dl0rprepam L - c y steinefrom L - seri "e by enzymatic reaction with hydrogen sulfide. U. 

ll^rl ^ ? ! 2 al " deSCribeS ,he pr ° dUCti0n ° f L - serine by reactin 9 and formaldehyde in the 
presence of serine hydroxymethyltransferase. Isotopically labeled cysteine, including ^c-cysteine and «N- 
cysteine may be prepared by those procedures using commercially available substrates 

[0063] The above-described enzymatic methods for making isotoptaally labeled cysteine are disadvantageous for 
producmgtriple-labeled2H,i3C,i8N-cystelne, because ofthe unavailability of 

f00641 TjT atGS 7TT i,ab ' e ' deUteraa ° n W ° U,d adV6reely affeCt kineacs ° f ™* enzymS conveS 
[0064 It will be appreciated by those skilled in the art that mammalian cell media contain, in addition to amino acids 

^ZZ^ZTT T as vttamins - fatty aclds - essenttal m,nera,s and ^ A^ST^S 

l°r 8 ^ Ce " ' ine ' thefeby Pr ° dUCing a " iSOt °P i0al * labeled mediu " tor any mammaTn or 
insect cell Itne. In add-on to isotopically labeled amino acids, other substrates utilized by the cells for protein synthesis 

ancSor^ 

[0065] It will be further appreciated by those skilled in the art that protein hydrolysis procedures destroy the amino 
acids asparag.ne and glutamine, with concomitant formation of the acidic amino acids aspartic and glutamic acid re- 
r mmaHan ? meC " a C ° ntain laf9e dUantitieS ° f 9,Utam,ne - Unexpected^, addition oTgTu^Tne I 
IrZn Z< f C ' dS Pr ° dUCed by ,hiS inVenti ° n iS n0t required ,or 0P*""«on °< the growth rate or Recombinant 

prote n productivity of certain mammalian cells. However, glutamine supplementation has been found to be important 
m obtaining optimum performance of some mammalian and insect cell lines. A further aspect of the invention is that 

the l7 n0 ?f S Pr ° dl ? d bV ,h6 inVemi ° n ma/ ° rmay " 0t 66 su PP |e ™"' ad with glutamine depending upon 

the characterise of the particular cell line with which the medium Is to be used. It has been found that when the 
preferred conditions described here are used, no detectable racemization occurs 

2215 t 11 ha ! b6 ? n ,0und ' hat 9' utamic acld can conveniently be separated from the amino acid mixture by a further 

* \ 8 P I Sn ° 0nVerted 10 9lUtamine by 3 chemical or enz y matic Procedure. The glutamine so pro- 
duced can then be used to supplement the amino acid mixture as required 

[0067] At neutral pH only the glutamic acid residues in the amino acid mixture will carry a net negative charge due 
to the presence of two carboxylate groups and one amino function. All the other amino acids will either carry no overall 
charge (e.g. glycine) or a net positive charge (e.g. lysine) at neutral pH ^ 

S 8 i n TlTLnhlr? aC K bS 8pecifica,, y se P arated ,rom me am ''n° a °i d n^ure following removal of the eluting 
acid e g. by lyoph.lizat.on, by passage of the mixture through an anion exchange resin prepared with a weak acid In 

fS ThT Tf T W °h U k be SUitable but ,or P ra ' a rence the anion exchange resin is in the acetate o* fomfate forri 

S. J ? f ° : y V ' rtUe ° f itS " et ne9atiVe ° harge Wl " adhere ,0 the anlon exchan 9 a while the 
neutral or positively charged amino acids will pass through. When the amino acids have eluted from the resin the resin 
may be washed wfth water and the glutamic acid eluted from the column with a solution of an appropriate acid The 
Gzation Sd ^ r6C0Vered ^ 3 Standafd teChniqUe SUCh 38 eva P° ration under ^ ad "ced pressure or 

tn>le-!a^ ^ ** i$ disadvanta 9eous for deuterated and 

[0071] Whatever the isotopic labeling, the resulting mixture of amino acids is sufficient to support the growth of 
mammalian or insect cells. Yet another aspect of the invention is that the resulting mammalian or insect cells and their 
metaboUc products w.ll be universally labeled with the same isotopic mixture as the starting material 

Z ,1 t w 6 ' nVention is i " ustrated * the followin 9 exam P' a s. which are included by way of illustration only and in no 
way restrict the scope of the invention. 

Examples 

Example 1 

t00 J? A ,? u 93 ! bi T 3SS (5 °° 9) fr ° m 3 CUltUre of Chjorelase was diluted (H 2 0) to approx 1 0% slurry, placed in ice 
and the cells broken by three passages through a Microfluidizer. The resulting slurry was centrifuged at 5,000 rpm for 
11 h-T I?' SUpernatant was collected . and the PC'ot resuspended in H 2 0 and recentrifuged under the same 

l? 0 ??* !? reP , e f 6d tWiCS - The su P ematants were ^Wned, treated with trichloracetic acid (final 
concentration 5% v/v) and the whole stored at 5°C overnight. 
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•iWrnUM was removed, Jp.wZLlS to t ' 0te «' 5 .°°° ^ « 5-C foMS mh s . The 

[0081] TLC analysis (Analtech Silica GS plates n-BuOH-AcOH-H n/^.i,/ u 
Example 2 

To 200 ml of amino-acids-free CHO-SSFM-1 aliquots were added 

1 . Mixed amino acids 

(340mg)4cysteine(20mg) + crystal!i Z edarginine(40ma) 

2. Mixed amino acids 

(340mg)4cyscelne(20mg)+crystallized 
arginine(40mg)+glutamine(120mg). 

control CHO-SSFM-1 media. /o V,ab ' e Cells (%) were recorded ^lative to a sample of 



so 



55 





48h 


72h 


96h 


120h 


144h 


168h 


Control 
1 

2 


2.4(99) 
1.6(99) 
2.2(99) 


5.2(96) 
3.8(93) 
4.0(95) 


7.0(93) 
5.1(97) 
5.5(93) 


7.0(91) 
12.0(92) 
7.2(95) 


5.6(83) 
8.2(84) 
7.2(82) 


4.0(64) 
5.0(72) 
7.0(69) 



f glutamine was not necessary for cell 
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Example 3 

[0086] Double-labeled amino acids were prepared substantially by the method described in Example 1 except that 
the algal biomass used was derived from a culture of the Chlorela sg. grown utilizing 1 3 C0 2 and K^no 3 as the sole 
carbon and nitrogen sources respectively. iac, «N-Cystelne was prepared by the enzymatic procedure substantially 
as described above. 7 

[0087] CHO-SSFM-1 medium (Gibco) was also obtained from the suppliers with the amino acids, carbohydrate 
Intermediate metabolites and protein hydrolysate omitted. 
[0088] To 1 liter of this medium were added: 

13 C, 15 N - Mixed amino acids (including 13 C, 15 N-glutamic acid): 3g 

13 C, 15m - Arginine - HCI: 240 mg. 

13 C, 15 N - Cysteine: 160 mg 

13 C - Sodium pyruvate (Isotec Inc.): 70 mg 

13 C - D-Glucose: 3.8 g. 

[0089] The resulting solution was sterilized by passage through .22 micron filters. 250ml of this solution was innoc- 
ulated with a CHO cell line engineered to express and secrete human choriogonadotrophln (hCG) to a final concen- 
tration of 3x1 06 cells/ml. The culture was stirred for 1 5 hours, whereupon the cells were isolated by centrif ugation The 
cell pellet was resuspended in 500 ml of the * 3 C, ^-labeled medium prepared as above to a concentation of 1 2 x 
1 06 cells/ml and the whole stirred for 73 hours. A control culture using commercially available CHO-SSFM-1 was run 
according to the same regime. 

[0090] The concentration of 1 3 C and i5 N .jabeled hCG was then determined by RIA using an antibody directed at 
hCG. The concentration of 1 3 C, ^-labeled hCG was found to be 90 pmole/ml at 73 h. compared with a control con- 
centration at unlabeled hCG in the control culture of 1 00 pmole ml at 88 hr. 

Example 4 : Preparation of Ammonium cysteine-S-4-methylbenzoate 

[0091] Cysteine (2.42 g, 20mmol) and 4-chloromethylbenzoic acid (3.74g, 20mmol) were suspended in H 2 0 (90 ml) 
and the suspension treated with concentrated aqueous ammonia. The resulting solution was stirred at room temper- 
ature for 1 hr. Approximately 50 ml of the solvent was then removed by evaporation, whereupon a precipitate appeared 
Concentrated aqueous ammonia was then added dropwise until the precipitate had dissolved. Further solvent was 
removed by evaporation until a precipitate started to form. Dry distilled ethanol was then added dropwise and ammo- 
nium cysteine-S-4-methy!benzoate was obtained as white crystals (Found: C, 49.0: H, 5.8' N 93S 11 eCuHmN-O S 
theoret C, 48.5 H, 5.9; N, 10.3; S, 11.8); yield 4.9g (90%), Rf (2:1:1 v/v/v n-BuOH:H 2 0:AcOH) 9.73. Delta H (D,0 
300 Mhz) 7.76 (2H, d, J 8Hz), 7.37 (2H, d, J 8Hz), 3.78 (2H, s), 3.73 (1H, dd, J2, 5 Hz), 2.90 (2H, m). Delta C mfo' 
75Mhz) 175.30, 172.89, 141.18, 135.43, 129.34, 128.86,53.60,35.178,31.78,28.16. 

Example 5: Stability of Ammonium cysteine-S-4-methylbenzoate to acid hydrolysis conditions 

[0092] Ammonium cysteine-S-4-methylbenzoate (1 g) was added to a frozen aqueous solution (1 0 ml) of methanesul- 
fonic acid (3M) and thioglycollic acid (4%) in a Schlenk tube. Air was removed by a vacuum pump, the tube sealed 
and the whole was heated to 1 00°C for 48 hours. The suspension was then cooled, and ammonium cy'steine-S-4-meth- 
yibenzoate was isolated by centrifugation and washing with water (3x50ml) in quantitative yield. 

Example 6: Isolation of Cysteine from Ammonium cysteine-S-4-methylbenzoate 

[0093] Ammonium cysteine-S-4-methylbenzoate (200 mg, 0.76 mmol) was added to a two-neck pear shaped flask. 
The flask was cooled in a dry ice/acetone bath and flushed with ammonia gas. When approximately 1 0 ml of ammonia 
liquid had condensed, sodium metal (approximately 50 mg) was added at 1 minute intervals until a permanent indigo 
color was obtained. Dry ice (approximately 100 mg) was then immediately added, whereupon a white precipitate 
formed. The ammonia was allowed to evaporate, and the residue treated with further dry ice. When all the ammonia 
had evaporated, water (1 0 ml) was added and the pH adjusted to approximately 8 by careful addition of with concen- 
trated hydrochloric acid. Air was blown through the mixture for 24 hours, the pH adjusted to approximately pH 5 by 
further addition of concentrated hydrochloric acid, and the suspension stirred. The resulting precipitate was collected 
by filtration, suspended in degassed water (approx 10 ml), treated with dithiothreitol (114 mg) and the whole stirred at 
50°C for 2 hours under nitrogen. The resulting suspension was filtered through Whatman No. 1 paper, and evaporated 
to a gum. Dropwise addition of dry distilled ethanol provided cysteine as white platelets in 2 crops, yield 30 mg 
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Example 7: Isolation of Cysteine from Lysozyme 

[0094] Lysozyme (1 Og) was dissolved in water(1 L), treated with trichloroacetic acid (50 g) and stood at 4'C overniaht 
SiTS! 222 r iS ° ,ated bV Centrifu ^ i0 "> -shed with acetone (300 ml, x3 and dried rild 9 95 7 

T!L?u denatured was suspended in degassed water under an atmosphere of nitrogen and treated 

71T TT (2149) - ThS reSU,Un9 miXtUre Was shaken at room temperature overnight " 
[0096] Dry d.stHled ethanol (200 ml) was added and the solution centrifuged at 5k for 10 minutes The oellet w a , 
rnZTT? ethan °' (2 °° ml) and recen « fu 9^. This last operation was repeated P 

5mn\ r mett ! y ^ n20iC add (154 9) W3S dissolved in de S assed water ml) and concentrated ammonia 

[0098] Dry distilled ethanol (200 ml) was added and the solution centrifuged at 5k for 1 0 minutes The oellet was 

Ei?J T^ 6116 ,! T diSSOlVed in de9aSSed Water (125 ml > and ^ with « solution of 4-chloromethylbenzoic 
acid (0.77g) d.ssolved in water (21ml) and concentrated aqueous ammonia (4 ml) The whole was staZunSJrt? 

ThToeit r r ,e h r? ure °: ernight - Acetone (ioom,) was added and *• ^«sssr; s:;: 

The pellet thus obtained was dned in a desiccator and combined with the pellet obtained eariier Total vie d 9 5^87°/ 
based on lysozyme amino acid sequence). 1 ai yieia ' 9 5g (87/o 

EI? .^Tf"? P [ 0lei " fra ° ti0n (9 ' 5 9) W3S heated invacuo in 3M methanesulfonic acid (95ml) containing 4% 
v/v th.ogiyco.late for 48 hours at 100°C. On cooling, the hPdr^iite was mixed wrth water (95 ml) an^e Zltta 

£ 1 Sn i^S a " ° f hydrolysate had been PW °nto the column, dilute aqueous H 2 SO. (pH2 0 1L) followed 
by HaO ( .25L) were pumped (50 ml/min) through the column. The H + column was then connected vt the pumpTo a 
column of Dowex 50X8-1 00 ion exchange resin (OH" form, 250g) Dilute aqueous ammonia (X^ Tl) was pZped 

k rreXr ; 0 r n and the eff,uem ^ ^ *° the oh - — « ~s 

2** n °/ J: ha a ? inine fractions - the P""P was stopped and connected directly to the OH" column which 

( 1 ? 6 r6Started Wh " e ,raCti ° nS (2L) COntinued t0 be collected <™ the OH- column 
[0105] D lute aqueous acet,c acid (0.25% v/v, 1 0L) was then pumped through the OH- column while 500 ml fractions 

ss^ssr" the base of the co,umn - pumping continued untn -° ™~ 

Sl^lS^ 1 ^ fh" iCa GS PlatSS ; n -. B " OH:AcOH:H 2 ° V" v/v), developer ninhydrin (1% v/v in MeOH: 
uac AcOH (97.3 v/v) revealed the presence of mixed amino acids (fractions 1112 and 13) 

£5* torn tSZTJ? 0 T (2 - 5 o° V/V - 12L) W3S ,hSn PUmp6d thr0Ugh the ° H colu ™ while 1 L were 
"eSSnt P,n9 °° ntinUed Unti ' n ° fUrth6r ninh ydrin-positive spots were detected in 

ffractionJ^S 25) PreSe " Ce ^ (,raCti ° nS 15 " 18) a " d ^teine-S-4-methylbenzoic acid) 

[0109] The cysteine-S-4-methylbenzoic acid containing fractions were combined and the P H was adjusted to 2 with 

^^Z^ I^T^^ W3S PaSS6d thr ° U9h 3 °° WeX 1 X2 " 400 ion exch -9* resin\ H+ f2 25g 

bv H O Sol " !f f h3d bee " PUmP6d ° nt0 C °' Umn - dilUte at > UeOUS Hr»4 (PH2.0, 5OOm 0 followed 

by H z O (500ml) were pumped through the column. ' 

2! 1 JL Dil .f 9 t T e ° US # amm ° nia (2% V/V ' XXL) W3S PUmped 25rnl/min > throu 9 h the column. Fractions (approx 150 
ml) were collected from the base of the OH" column lww 

waDoratpd to u irf r6Vea,ed PreSen ° e ° f amm0niUm ^teine-S-(4-meth y lbenzoate) in Let ion 12 which was 
toTisSme) amm0n " Jm CyStein6 - S -< 4 - methv,ben20ate ) as a white powder, yield 0.47g (32% based on 7eZ 
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Examp ' 68 : lsolation of Ammonium <50%2H, «c, ^-labeled cysteine)-S-4-methylbenzoate 

^J^l^^^S^SZ T! no ac sr ainin9 9lutamic acid (p «* ared as in E *-p'° °> 

acid (0.2 ml). The resulting solution was filter sterilized Inn *SKr , °' (2ml) ' P- aminobe nz°ic 

solutions were mocu^mT^^T^S^.Ty equal po rtl ons in two 500ml shake flasks. The 
shaken at 37-C for 24 houT ( eng.neered to express human insulin A chain), and 

[011 3J The cuKure was then centnfuged and the cel. pellet isolated by freeze drying to yield approximate* 1 . 1 g dry 
Example 9 

E b J? nn C t ° IUmn W8S ften connected via P"mp to a column of Dowex 50X8-1 00 Ion exchanae resin fOH- 

labeled glutamic acid in fractions 46-58. The 50%2H ^ 15 N , abe | pri mivoH . ' ,ncluain 9 5 °*> ». W C, 

yellow powder by lyophilization. am ' n ° aClds were teolated as a P ale 

[0125] The 50%2H, 13C, ^.labeled mixed am | no aci(fe jso| , d b disso | ved in wat(lr . anH 

POmVMO through a column of Dowex 50X8-1 00 ion exchange resin (JS^",^ - ""^ 
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Example 10 



[0140] AP^nofthematerialwas^ 
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60%*, -ac, ontmmhZ , P ™„ "* e "° nS C ° M * M M »*°«ed under reduced preset ,„ 3te 
Claims 

1 - 

said protein in a nutrien^ed^ ^ CU,tUre which is W of producing 

^indwWoort*^*;^^ 7 8 ! f ° r ^ ° f mamrna,ian or 
each of said amino acids is substituted wZ^S222? T^' 8 and 9 rowth 'actors, therein 

substitution, when present, is pr^J^E^!l!TT T ° f ° Bnd ^ Wherein said is P t0 P ic 
substrate used by the cell Ir^Z synS T^^Zl***™^ amin ° acid and an * 
from 13 C ori3c and «N to produce on k, ? « [1 med,um ,s substituted with an isotope selected 

protein from said nutrien I'd urn and £2££2S^ ? 180,9009 isoto P<^ substJtuted 
anaiysis to determine information abo^S 2EXI^^ « t0 NMR ^scopic 

2 ' -^EES S^^" SUbStamial,y a " ° f ^ atoms - acids in said nutrient medium 
substituted with t«N. SUDStan,,al| y 311 of *e n.trogen atoms In said amino acids in said nutrient medium are 

^uiVe S Tz:z^T u ZL to abou * 1 00% of the hydr09en atoms in aaid — -* 

essentialforgmv^h ofmammaia^ 
m'neraJs Jgrowth ,^ 

or «C and «N wherein said isotop e suStitut oTXn ^ f ^ ^ *" iS ° t0pe Selected from 13c 
atom in the amino acid and any Zsu^^Ti r T^ * Manti ^ a » Portions of that 

substituted with an isotope J^CTj^^^^ST T?* * med,um h 

isolatingsaidisotopicallysubstitutedDroteinfrom«iHnT rf ?' ^ P a " ,S0,0 P' call V substituted protein; (b) 

which is capable of producing sa d second TtZ^TT 9 ^^ 3 mammalian °r insect cell culture 
essentia, for growth iw^^c^^^li^.^ MS a " amin0 acids tha < ara 
minerals and growth factors XZ^l^J^ZT^ ^'T ° f cart>oh V dra *. essential 

deuterium to produce an tertopS sStu^ iTX™. ^ 2 ° % * 3b0Ut SUbstituted with 

ond protein from the nutrient Sum ""^ ^ ^ ' S0,ating Said feoto P ical| V sub s«tuted sec 

9 ' S^iSSiS; ia? erein SUbStantia " y a " °' ,he Ca *°" — «» - W amino acids in said nutrient 
10. The method of cttn 6 or 7, wherein substantfalfy all of the carbon atoms in said amino ac*s in said nutrient 
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SKSSESrX ^ SUbStantia ' V " °' ,he " ftro9en — Sald ,n sa id nutrient 

for growth of mammalian 1 int* cei~i ££ Z^SSZ?" ? 8mh ° flddS that are essential 
factors, wherein each of said amino acids is suhZS^w^ carbon y dra te and essential minerals and growth 
said isotopio substitution, when pres" t is t^ZZ^ST*!** T ^ ^ ^ Wl " r * 
substrate used by the cells for protein synthesfe in said nSSS I ^ ,h<5 ^ add and an y other 
from «C or both C and «N. P V * Sa ' d " Utr,ent med,um 18 substituted with an isotope selected 

I^TJen^entmediumofcialmll.wherein substantial, of the carbon atoms in said amino acids a. subs ti tu«ed 
° f Cl3im * Wherei " a " o' «» -mon atoms in said camohydrate source are 

any an oi rne nitrogen atoms in said amino acids are substituted with 15 N. 

IS? ° f ^ 1 4 ' Wherei " SUbStential ^ a » - tha «*» atoms in said carbohydrate source are 

16. 77ienutrientmediumofclaim12,13, 1 4, or 15 wherein from about 20% to about 100* nfth-h h 

said amino acids in said nutrient medium are substituted with deuterium * ^ at ° mS in 

«-T^^ —aiiy a„ of the ca*on 



21 " JuZ^JlS^T 2 °' Wher9,n SUbStantia " y a " ° f *• at ° ms in said source are 

^ach'X^^^ ° f « fr - ^ malian or insect cel. in 

•s Present at subsZalValS 

nwoorganfem in a nuZ^ Wh ' cn W 9r ° Win9 3 CU ' tUre ° f 

camon atoms in any of said substTes^sed ov th^ ZZT^l 68 a " d Wh ' Ch substa "«a»y all of the 

orinwhichsub8tanLih,a««f«,i T usedbytnemi croo, 9 anis mfor protein biosynthesis are substituted with '3c 
thes.sTes KT.Sr t ^*^^ to ^ 
all positions of that atom in the a^ino acf Z P '° SUbStrtUtion ' when P™*<*- * present at substantial* 
drolyzing the protein in sato p^ Si g SZS^SST^S ^ ^ (C) hy 
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amino acids; and (f) supplementing said purified mixture of amino acids with cysteine substituted with the same 
isotope or isotope combination as said substrates in said nutrient medium, wherein said cysteine is added in an 
amount sufficient to support protein production by said mammalian or insect cells. 

5 23. The method of claim 22, wherein said substrates In said nutrient medium and said cysteine are substituted with ™C. 
24. The method of claim 22, wherein said substrates in said nutrient medium and said cysteine are substituted with ' » N . 

» 25 ' SuteTium° d ° f ° laim 22 ' Where,n SSid SUbStrate in S3id m6diUm and Said Cysteine are further 8U "8tituted with 
26 ' ™J «N h ° d ° f C ' aim Wherei " Sa ' d SUbStrate in S3id mediUm and SaW CySt6ine are doubly substit "ted with Me 

H ^ ^l e o f ° d ° f C ' aim w 23, 2 i' "J 8, Wh6rein ,r ° m ab0Ut 20% t0 about 100% of the Wrogen atoms in said purified 
mixture of ammo acids and said cysteine are substituted with deuterium. 

28. The method of claim 27 which further comprises supplementing said purified mixture of amino acids with glutamine 
wherein substantially-all of the carbon atoms in said glutamine are substituted with «c and substantially all of the 
nitrogen atoms in said glutamine are substituted with «N and from about 20% to about 100% of the hydrogen 
atoms in said glutamine are substituted with deuterium. 

29 ' I!LT? 0d K 0 !^ 

wherein substantially all of the carbon atoms in said asparagine are substituted with iac and substantially all of 
the nitrogen atoms in said asparagine are substituted with «N and from about 20% to about 1 00% of the hydrooen 
atoms in said asparagine are substituted with deuterium. 

3 °' cTL m n e ^i» f i C 3r m 2 f;,rlT' n i aid r iC !! 0r9anl8rn iS 3 microa,Sae and said nutrient medium ""tains as a 
carbon source, 13 C-substituted carbon dioxide. 

31 * ir! d ° f C ' aim ? WHerein SaW microor 9 anism is a microalgae and said nutrient medium contains a «N- 
substrtuted inorganic nitrogen source. 

32. The method of claim 22, wherein said microorganism is a microalgae, and said nutrient medium contains as a 
carbon source ^-substituted carbon dioxide and a ^-substituted inorganic nitrogen source. 

33. The method of claim 22, wherein said microorganism is a microalgae and substantially all of the water in said 
nutrient medium is deuterium oxide. 

« 34. The method of claim 22, wherein said cation exchange is performed using cation exchange resin in the H* form. 

35. The method of claim 22, wherein said anion exchange is performed using anion exchange resin in the "OH form. 

36. The method of claim 34, wherein in step (d) acidic and neutral contaminants of said crude mixture of amino acids 
are removed by elution with a acidic solution, and said partially purified mixture of amino acids is eluted with a 
Basic solution. 
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37. The method of claim 36, wherein, in step (e), basic and neutral contaminants of said partially purified mixture of 
amino acids are removed by elution with a basic solution, and said purified mixture of amino acids is eluted with 
5U an acidic solution. 



Patentanspriiche 



55 1. 



Verfahren zur Bestimmung dreidimensionaler Struktu reformation en eines Proteins, das die Schritte umfassf (a) 
Zuchten, unter proteinbiidenden Bedingungen, einer Sauger- Oder Insekten-Zelikultur, die fahig ist, das genannte 
Protein in einem Nahrmedium zu erzeugen, das alle Aminosauren enthait, die fur das Wachstum der Sauger- Oder 
Insekten-Zellen essentieli sind, und das assimilierbare Quellen von Kohlehydraten, essentiellen Minerallen und 
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Wachstumsfaktoren enthfilt, worin rede der aennnntan a~- 

<f r ^und«Nsubst^ "sotop, ausgewaM aus «c 

alien Positionen dieses Atoms in den AmlnoST vomaSS "^T'J 3118 v °*anden, in im wesentlichen 
ZeUen fQr die Proteinsynthese in dem »«SSS!SS SSJ?*? andereSubstrate - * *™h die 
bus 13C Oder 13C und «N substituiert sind, um ^ taSSSSES ^ "* ^ ,SOt ° P ' aUSgewah,t 
genannten Isotopen-substituierten Proteins aus dem aenannten wT ! ° te ' n Z " er76Ugen; < b > lsoliere n *• 
Isotopen-substituierten Proteins der NMR sXTsZcuT^ ^'' (C) Unterwe ^n des genannten 
sionale Struktur zu gewinnen. spektroskop,schen Analyse, um Infomiationen Qber seine dreidimen- 

2 " Kohlenstoffatome in den genannten AminosSuren in dem 

~" Aminosauren in dem 

Aminosauren in dem genannten NlhmSETdE S2SS2S SUCtet ° ffat0me in de " ^nannten 

einerSauger.oderlnsekten-Zel.kuitur.diefaSS ""^r proteinbildenden Bedingungen, 

alle Aminosauren enthalt, die fur das wJT^S^^^" %"? Nahrmediu ' n z " ^rzeugen, das 
m.lierbare Quellen von Kohlehydraten, essen^llen SEE ien u h w " 6SSentie " Sind ' Und das assi " 

genannten Aminosauren mit einem .sotop, ausgewaS Zs X ^ WOrin * de de ' 

nannte Isotopensubstitution. falls vomanden in , im wJLtr h ^ n Und N substitui ^ ist, wobei die ge- 
ren vorhanden ist, und beliebige ande "e Su b sra te Z2?T ?? f^" 6 " *— At0ms in den 
.^"-venvend^^^^ 

•sotopen-substituiertes Protein zu erzeugen; (b) Isolieren des oenLtf T N subs,ituiert ^"d, um ein 

genannten Nahrmedium; (c) Bilden eines Komp Set ^Sj Zn T ,soto P en - s ^stituierten Proteins aus dem 
lekul; und (d) Unterwerfen des genannten SpTeSs der TT™ Pmem Und dem 9 enannte " 

Ober die dretoimensionaie StrukL des £XZ£ZZ z^T^" ^ Um 

^-™:Zfu^ « — des genannten Mo,ek Qte in 

Deuterium substituiert sind. 9 ° /o der Wasser stoffatome in dem genannten Molekiil durch 

einerSiuger-oderlnsekten-Zellkultur.die ShToist dasae^^ 

len, das alle Aminosauren enthalt, die fur d£ w££T deS™ JT" einem Nahl ™*«ni herzustel- 
das assimilierbare Kohlehydratque.len, unXhf 'T,? 6 n - 2e,,en W6S6nt,ich sind ' und 

nannten Aminosauren von ungefahr 20 bis Z!«hr iS? »J ^ aC t hStumsfaktoren 6ntha( t. «orin jede der ge- 
substituiertes zweites Protein herzustel* unS S ol eren1.es In Sind ' Um ein lsoto P e "- 

teins aus dem Nahrmedium ( ' d<5S 9 enannten Isotopen-substituierten zweiten Pro- 
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genannten Aminosauren 



nan,*, to ,„»au„„ h aem ^l^SS SCZZ*?" S "**'°- " =»' 
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iSiSS, ?' ^ - WaChStUm S3U9er " ° d6r lnsekten -Ze»kultur zu unterstutzen, alle Aminosauren die fOr das 
25£ o J* S r 9er " ° d6r lnsekten - Zellen e^entiell sind, asslmilierbare Quellen von Kohlehydmien und es 

12> 225^^ 11 ' W ° rin ta WeSem,iChen a " e Koh '-to ff ato me in den genannten Aminosauren 

SrS^SE^* ^ W6Sent,iChen a,le » *" 3-nnten Kohlenhydrat- 

rZ^'SSSSi 4 ' WOfin ^ WeSe " lliChen aIte ^lenstoffatomein den genannten Koh,ehydrat q uei- 

16 " dfZfT T AnSPmCh 12 ' 13 ' 14 ° der 15 ' WOrin u "9^hr20 bis ungefahr 100 % der Wasserstoffatome in 
den genannten Am.nosauren in dem genannten Nahrmedium durch Deuterium substituiert sind 

SS^JSi"* ^ WeSent,iChen Wa — * *" genannten Aminosauren 

22. Verfahren zur Herstellung einer Mischung von Aminosauren fur die Hersteliung von Proteinen aus Saucer od .r 
Insekten-Zellen, worin jede der Aminosauren in der genannten Mischung 

itt .nTlf f } emer KU ' tUr SineS M,kre W*™» in einem Nahrmedium, das Wassernahitoffsub- 

strate enthalt, und worm ,m wesentlichen alle Kohlenstoffatome in jedem der genannten Subside die duS dsn 

' T " u subs,rtu,ert s,nd . ode r beides, worin die genannte Isotopen-Substitution falls vor- 
handen, in fen wesentlichen alien Positionen dieses Atoms in der Aminosaure vorhanden Z Z toSuS^ 

T<^1T 1 ?T UntSr SaUr6n ' nicht oxidieren *n Bedingungen in Gegenwart eines Suffydryl ReduS 
onsmittels, urn e.ne Rohmischung von Aminosauren zu erzeugen; (d) Unterwerfen der qenamfe XhmknhMn 
der Aminosauren der Kationenaustausch-Chromatographie, urn einl partiei. ^i^J^SSZ 
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Z 1 1 S i (S) Un ' e,werfen der genannten partiell gereinigten Mischung der Aminosauren der Anionenaus- 
tausch-Chromatographie, um eine gereinigle Mischung von Aminosauren zu erhalten; und (0 EMnu^£ 

Mfe ? Un9 ^ Amin ° saursn m * C * stein - das «* *m gleiohen ^ol^SS^C 
22 ^l , 00 , W ' e d ' e 9enannten Substrate ,n dem 9enannten Nahrmedium substftuiert ist worin das ae- 
n ? ein ,n *t Mang. hinzugegeben wird, die ausrelohend ist, um die ProteinprodukS, duS, dl ge- 
nanntenSauger-oderlnsekten-Zellenzuunterstutzen. 9 

23 - $2^5ES£ S? die 9enannten substrate ,n dem 9enannten Nahrmedium und - 

24 - ss^csa die 9enannten substrate in dem 9enannten - - 

27. Verfahren nach Anspruoh 23, 24 Oder 26, worin von ungefahr 20 bis ungefahr 1 00 % der Wasserstoffatome in d Pr 
genannten gereinigten Mischung der Aminosauren und des Cysteins mit Deuterium subs«Z^ 

mit Glutamin, worm ,m wesentlichen alle Kohlenstoffatome in dem genannten Glutamin durch "CsubsTi tuirt s n! 
und im wesentiichen alle Stickstoffatome in dem genann^ 

20 bis ungefahr 100 % der Wasserstoffatome in dem genannten Glutamin mi, DeuteriursSui^r 

29 " s^utnmitA^ AnSPrU ° h ^ ** W6iterhin UmfaSSt ' ErganZen der 9enannten 9 ereini 9^ Mischung von Amino- 
JtitSTiL P w a9 ' n ' W0 "" ? Wesentlichen a,le Kohlenstoffatome in dem genannten Asparagin durch sub- 
stituiert s nd und ,m wesentlichen alle Stickstoffatome in dem genannten Glutamin durch «N substituiert sind und 
vonu„ g efahr20b te ungefahr100%derwassersto te 

3 °* dTum Tk^Z Tr^, 2 L W ° rin dSr 9enan " te Mikroor 9 anis ™s eine Mikroalge ist und das genannte Nahnme- 
dium als Kohlenstoffquelle "c-subsUtuiertes Kohlendioxid enthalt. "*nime 

31 " «m" A h nSPmCh **' W ° rin d6r 9enannte Mikroor 9anismus eine Mikroalge ist und das genannte Nahrme- 

diumeineis N . substltulerteanorganjscheStickstoffque||eenth „ |t » - 9 ><*inie wanrme 

M ' ZT a T^ U Tf mC H f 3 o W0rin d6r 9enannte Mikro <> r 9anismus eine Mikroalge ist und das genannte Nahrme- 

33. Verfahren nach Anspruch 22, worin der genannte Mikroorganismus eine Mikroalge ist und im wesentlichen das 
gesamte Wasser in dem genannten Nahrmedium Deuteriumoxid ist. wesentiicnen das 

34. Verfahren nach Anspruch 22, worin der genannte Kationenaustausch unter Verwendung eines Kationenaustau- 
scherharzesinderH+-Formdurchgefiihrtwird. ivauonenaustau- 

35 ' ilf^ 6 " na ° h J AnSprUch 221 Worin der 9enann,e Anlonenaustausch unter Verwendung eines Anionenaustau- 
scherharzes in der-OH-Form durchgefOhrt wird. «nionenausiau 

M ' V J!!!ZZ?T- AnS . pfUCh w 34 ' worin im Schritt < d > «>°er neutrale Verunreinigungen der genannten Rohmi- 

nT^ ^ Sa r endUrChE,Uti0nmtt6inerSaurenL6sun9e 

nigte Mischung von Aminosauren mil einer basischen Ldsung eluiert wird. 

37 ' n!S„ h r T A J 1SPmCh 36 ' W ° rin im SchrW (6) basiSche und neutra,e Verunreinigungen der genannten partiell 
gere.mgten Mischung der Aminosauren durch Button mit einer basischen Losung entfemt werden, und die ge 
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nannte gereinlgte Mischung der Aminosiuren mlt einersauren Ldsung eluiert wird. 



3. 



4. 



6. 



Revendlcatlons 

1 . Precede pour la determination de ('Information sur la structure tridimensionnelle d'une proteine, comprenant les 
Stapes consistent a (a) mettre a incuber, dans des conditions de production de proteines, une culture de cellules 
mammaliennes ou d'insecte capable de produire ladlte proteine dans un milieu nutritif contenant tous les aminoa- 

de gluc.de, des mineraux essentiels et des facteurs de croissance, chacun desdits aminoacides etant substitue 

Stent presente en prat,quement toutes les positions de cet atome dans I'aminoacide, et tout autre substrat utilise 

nif 1 ♦ ' P0U l Pr0dU,r6 Une Pr ° t6,ne SUbsMtu6e par des isot °P es ■• < b > isoler lad "e proteine substitute 

par des .sotopes a part.r dudrt milieu nutritif ; et (c) soumettre ladite proteine substitute par des isotopes a une 
analyse par spectroscople de RMN. pour determiner I'information sur sa structure tridimensionnelle. 

2. Precede de la revindication 1 , dans lequel pratiquement tous les atomes de carbone dans lesdits aminoacides 
dans ledit milieu nutritif sdnt remplaces par « C . aminoaciaes 

7»™l 6 J e r reve "5' cation 1 - dans le( ' ue, Pratiquement tous les atomes de carbone dans lesdits aminoacides 
dans edit m. lieu nutrrt.f sont remplaces par « C et pratiquement tous les atomes d'azote dans lesdits aminoacides 
dans ledrt milieu nutritif sont remplacte par is N . aminoaciaes 

Proctee de la revindication 2 ou 3, dans lequel d'environ 20 % a environ 100 % des atomes d'hydrogene dans 
lesdits aminoacides dans ledit milieu nutritif sont remplacte par le deuterium. 

Precede de la revendication 2 ou 3, dans lequel pratiquement tous les atomes de carbone dans ladite source de 
glue des sent remplaces par et d'environ 20 % a environ 1 00 % des atomes d'hydrogene dans ladite source 
deglucides sont remplaces par le deuterium. 

Precede pour la determination de I'information sur la structure tridimensionnelle d'une proteine alors que ladite 
protjne est complexee avec une molecule, comprenant les etapes consistant a (a) mettre a incuber, dans des 
conditions de product™ de proteines, une culture de cellules mammaliennes ou d'insecte capable de produire 
ladrte proteine dans un milieu nutritif contenant tous les aminoacides essentiels pour la croissance de cellules 
mammaliennes ou d'insecte et contenant des sources assimilables de glucide, des mineraux essentiels et des 
tS! 1 ! . 6 croissance ' chacun desdits aminoacides etant substitue par un isotope choisi parmi 13 C e t a la fois 13 C 
et N, ladrte substitution par des isotopes, lorsqu'eile est presente, etant prteente en pratiquement toutes les 
positions de cet atome dans I'aminoacide, et tout autre substrat utilise par les cellules pour la synthese de proteines 
dans ledit m.l.eu nutritif etant substitu6 par un isotope choisi parmi <*C et a la fois 13 C et is N pour pro d uire une 
proline substitute par des isotopes ; (b) isoler ladite proteine substitute par des isotopes a partir dudit milieu 
nutritif ; (c) fornier un complexe entre ladite proteine et ladite molecule ; et (d) soumettre ledit complexe a une 
analyse par spectroscopic de RMN, pour determiner I'information sur la structure tridimensionnelle de ladite pro- 

Precede de la revendication 6, comprenant en outre, avant I'etape (b), la production de ladite molecule sous une 
le tetteriuT 6 enVir ° n 20 % * 6nVir0n % at ° meS d ' hydrog6ne dans ladite mol6cule sont remplaces par 

Precede de la revendication 6, dans lequel ladite molecule est une seconde proteine, ladite seconde proteine etant 
produiteparun precede comprenant les etapes consistant a (a) mettrea incuber, dans des conditions de production 
de proteines, une culture de cellules mammaliennes ou d'insecte capable de produire ladite seconde proteine 
dans un m.lieu nutritif contenant tous les aminoacides essentiels pour la croissance de cellules mammaliennes 
ou d insecte et contenant des sources assimilables de glucide, des mineraux essentiels et des facteurs de crois- 
sance, chacun desdits aminoacides etant substitue a raison d'environ 20 % a environ 100 % par le deuterium 
pour produ.ro une seconde proteine substitute par des isotopes, et (b) isoler ladite seconde proteine substitute 
par des isotopes, a partir du milieu nutritif. 



22 



EP 0 636 183 B1 



9 - ^^zrr;^x p ^ umw ^ te * , " M ** M *«"' a - iMa »^*' 

"• S.ClXcC^ 0 " "■ te, " el '" a *" ,em "" ,0U! * " 0 ™ 8 * -*™ *™ 

22. Procedede preparation d'un melange cfaminoacides pour la production de proteine par des cellules mammon 
nes ou d-,nsecte. dans lequel chacun des aminoacides dans .edit n^^JZS^j^iZZ^ 
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■■fill 

d'aminoacides ; (e) le fait de SZX, leSr S JT ' ^ Pr ° dUire U " melan 9 e P*^*™* Punfie 

I^^KSSSr danS * eqUe ' ISSditS SUbS,ratS danS ,ed " « ladi * «*"■" sont en outre 
251*; SEE?" d3nS ' eSdte «*« da " s te <* «"■«< et ,ad,te cysteine sont douoiement 
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